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Abstract

Key Words:

Tricuspid valve failure with low output state is a growing problem in the management of structural heart disease and stage D heart failure. Severe tricuspid valve
disease either due to congenital or acquired etiology
constitutes high risk for palliative or definitive surgical correction. Limited progress is noted so far on the
evolution of durable surgical techniques on tricuspid
valve disease and spiraling down refractory right heart
failure continues to be the Achilles heel in the management. Over the last decade, transcatheter therapies for
the management of aortic and pulmonary valves have
expanded the therapeutic options for patients deemed
at high risk for conventional surgery. The interventional therapies to manage tricuspid valve failure have
mostly been a surrogate use of established therapies
for other valves. The numerous interventional strategies used on failing tricuspid valve include percutaneous tricuspid valvuloplasty, percutaneous valve
in valve, valve-in-ring implantation, and orthotopic/
heterotopic valve implantation using commercially
available “off-label” device or dedicated custom-made
devices. This review focuses on the different percutaneous approaches and devices that have evolved for
the management of tricuspid valve failure with varying
anatomical substrates such as native tricuspid valves,
annuloplasty rings or bioprosthesis.

Transcatheter • Tricuspid valve • Congenital heart
diseases • Tricuspid stenosis • Tricuspid insufficiency

Introduction
A variety of congenital and acquired etiologies affect the tricuspid valve. While congenital lesions such
as tricuspid valve dysplasia or Ebstein’s anomaly cause
organic involvement of the tricuspid valve apparatus,
acquired lesions may be function with less obvious
structural abnormality other than annular dilation,
most commonly due to pulmonary hypertension or
any other etiology causing severe right ventricular
dilatation [1-3]. Once considered a dispensable valve,
when tricuspid valve stenosis and/or regurgitation are
severe, cardiac output decreases and patients develop
spiralling down symptoms of right heart failure with
congestive hepatosplenomegaly, peripheral oedema
and cardiac cachexia. A wide variety of tricuspid valve
surgeries such as valve repair with or without annuloplasty and even valve replacement have produced
just satisfactory results mostly due to the high operative mortality of up to 22% in such patients deemed as
very high-risk for perioperative events [2-4].
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Figure 1.

Repositionable valved stent (Zegdi et al. réf 11). A, B and C. Representation of the principle of compression-relaxation of
the valved stent. After deployment of the nitinol self-expandable device (A), the stent can be reversibly compressed (B) by exerting
traction on the encircling suture through a proximal handle (C). D. Fluoroscopy, positioning of the valved stent within a tricuspid
bioprosthetic valve. E. Macroscopic posterior view of the heart showing excellent positioning of the valved stented inside the failed
tricuspid bioprosthesis.

Moreover secondary tricuspid valve disease with
right ventricular failure is emerging as an Achilles
heel for the management of a vast population of patients with severe left sided heart failure, requiring
assist devices.
Over the last decade, transcatheter aortic and
pulmonary valve implantation has revolutionized
the therapeutic options for patients at high risk for
conventional surgery [5-8]. There has been growing
interest in the field of interventional cardiology to
percutaneously treat dysfunctional tricuspid valves.
Although the data is less robust compared with transcatheter pulmonary or aortic valve replacement,
several experimental and clinically useful interven-
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tions to treat tricuspid valve dysfunction in various
anatomical settings such as native tricuspid valves,
annuloplasty rings or bioprosthesis have been described. In this review, we lay emphasis on different
strategies and devices developed so far, which may
serve as a useful platform for transcatheter therapy
for tricuspid valve failure.
Percutaneous Treatment of Degenerated
Tricuspid Bioprosthetic Valves: Valve-in-Valve
Technique
Bioprosthetic cardiac valves are usually preferred
in young patients due to reduced thromboembol-
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Video 1. Angiogram showing the valve in valve concept in mitral position in a sheep. A bioprosthetic valve (Mosaic, Medtronic)
has been surgically placed. A Melody valve has been thereafter
placed inside the surgical valve used as a landing zone. (Boudjemline et al, Eur Heart J. 2005;26:2013-7)
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Video 2. Echographic imaging showing the valve in valve con-

cept in mitral position in a sheep. (Boudjemline et al, Eur Heart J.
2005;26:2013-7.)

sibility of controlling reversibly the deployment of the
valved stent as many times as needed before the final
release, to allow implantation in appropriate position
(Figure 1 and Videos 3 to 7).
Since then successful percutaneous valve-
in-valve implantations in humans have been especially reported for pulmonary and aortic valves [12, 13].
The first human case of transcatheter valve-in-valve
implantation in the tricuspid position was described
by Van Garsse and colleagues [14]. Since then several anecdotal case reports and small case series using
two different valves: the Melody® valve (Medtronic,
Minneapolis, Minnesota, USA) and the Edwards SAEvolution
PIEN™ valve (Edwards Lifesciences, Irvine, California,
In an early preclinical study, Boudjemline et al. [10] USA) have been described [15-22]. These procedures
were the first to evaluate the proof of concept of mitral were performed in a heterogeneous population, invalve-in-valve treatment in a sheep model. A bovine cluding children and adults with congenital heart
disease, patients with prior infective endocarditis,
jugular valve was mounted on a stent and success- 
fully implanted off-pump through a transatrial mini- and patients with a history of rheumatic or carcinoid
invasive approach in 6 sheep (Video 1 and Video 2). In heart disease.
The first multicentric series of percutaneous tricusa subsequent animal study, Zegdi et al. [11] reported
pid
VIV replacement using Melody valve in 15 patients
the successful implantation of a repositionable valved
stent (porcine aortic valve sutured on a nitinol self ex- with good results was published in 2011 (age range 8
pandable stent) in tricuspid bioprosthetic valves. The to 64 years) [16]. The primary indication for the prooriginality of the delivery system consisted of the pos- cedure was predominantly stenosis in 10 and reguric risk and the need for long-term anticoagulation
therapy as required with mechanical prostheses.
However all bioprosthetic valves eventually fail over
time with progressive age induced degeneration. Repeat sternotomy in such patients carries a high risk of
morbidity and mortality. Transcatheter valve-in-valve
implantation has emerged as a promising treatment
option for degenerated bioprosthetic heart valves in
these multi-operated high-risk patients and has been
described for failing bioprosthetic valves in all four
cardiac locations [9].
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Figure 2. Implantation of a valved stent in large tricuspid annulus. Creation of a platform. The platform is created using the property
of 2 different stents used simultaneously with one fitted within the second one: 1/ a bare metal stent with limited expansion (typically
short EV3 LD mega) allows a restrictive region for subsequent valve insertion; 2/ a covered stent without limited expansion (typically
long covered CP stent) allows anchoring to the large surgically inserted bioprosthesis. Top left. EV3LD mega is mounted on a long
covered CP stent over a balloon. The balloon is being inflated. Top right. in vitro aspect after deflation and retrieval of the balloon
catheter. The stent assembly has now the aspect of a Dumbbell stent creating a perfect platfrom for a valved stent. Below/left. front
view of the stent assembly within a bioprosthetic surgical valve. The extremities of the stent assembly are holding on the frame of
the bioprosthetic valve. Below/right. axial view of the stent assembly within a bioprosthetic surgical valve. 2 different diameters are
shown. The middle part is smaller than the extremities. This middle part will hold the valved stent to be implanted.

gitation in 5. The valve was successfully placed in all
patients via the femoral vein in 11 and the internal
jugular vein in 4 patients. Pre-dilation or low-pressure
balloon sizing was performed in four patients before valve implantation while pre-stenting was not
described. Post-implantation dilation using high-
pressure balloons was performed in seven patients.
The median post-procedure tricuspid gradient was
2 mm Hg and no patient had more than mild regurgitation. After a median follow-up of four months, 14 of
15 patients who underwent the Melody valve implantation are alive and well. Complications included one
Journal of Structural Heart Disease, August 2015

death in a patient with pre-procedural multi-organ
failure, one with third-degree heart block requiring
pacemaker implantation, and one case of endocarditis
requiring valve removal 2 months after implantation.
Recently, a similar case series reporting percutaneous implantation of the Melody valve within failed
mitral (n=10) and tricuspid (n=9) bioprosthetic valves
was published [23]. Among tricuspid patients (mean
age 42 ± 24 years), mean transvalvular gradient was
10 ± 4.3 mm Hg among and seven patients had moderate or worse tricuspid valve regurgitation. Imaging
was performed with intracardiac echocardiography
Volume 1, Issue 3: 137-151

141

Original Scientific Article

Video 3.
In vitro Video showing a custom-made retrievable
stent. (Zegdi et al, JACC. 2006;48:1365-8).

Video 4. Video showing the valve in valve concept in tricuspid
position in a sheep. A regurgitant bioprosthetic valve is surgically
placed (Zegdi et al, JACC. 2006;48:1365-8).

in seven patients and TEE in three patients. Balloon
sizing of the prosthesis was performed in all patients,
no prestenting was described. All patients underwent
successful implantation of a 22-mm Melody valve
with satisfactory results. No periprocedural death,
stent fracture or valve embolization was observed.
During follow up, two patients had vascular complications (femoral artery pseudo aneurysm and femoral vein phlebitis) and one patient was operated for
a Melody valve thrombosis due to heparin-induced
thrombocytopenia.
Despite the promising results of the percutaneous
tricuspid valve-in-valve implantation, a case series
describing early failure of Melody and Sapien valves
in the tricuspid position was recently published [24].
Authors describe four procedures in three patients
where implantation of percutaneous valves within
bioprosthetic tricuspid valves was performed with
excellent immediate post procedural results. However, in all four cases evidence of rapid valve failure
within 2 weeks following intervention in three of the
four cases and later in the fourth case was described.
Two patients required surgical explantation and subsequent examination of the prosthesis showed degeneration with thickening and contraction of the
leaflets. Routine blood tests including immunological and inflammatory markers were normal without
evidence of endocarditis. Authors suggested that
individual factors and/or hemodynamic conditions

associated with dilated poorly contractile right atria
leading to limited valve leaflet mobility may explain
this rapid deterioration; however these observations
remain partially unexplained. We observed similar
findings in failing Fontan patients receiving a Melody
in the Fontan circulation [25].
The primary indication for tricuspid valve-in-valve
implantation remains a key point of this procedure. If
the predominant lesion of the bioprosthetic valve is
stenosis (with or without regurgitation), the procedure
may be then performed using standard technique.
The size of the original surgical valve is not important.
The only burning question in that situation is to know
if the stenosis could be opened enough to reduce
the transvalvular gradient. Recently, a Spanish team
reported the successful implantation of a 
29-mm
Edwards-SAPIEN XT prosthesis within a 31-mm
stenotic tricuspid bioprosthesis through a transfemoral approach [26]. The procedure was carried out
without predilatation or balloon sizing of the bioprosthesis. Prestenting is rarely performed during tricuspid valve in valve implantation. This is in contrast
with percutaneous pulmonary valve implantation
where pre-stenting is most of the time necessary to
create a stable landing zone and to prevent stent fracture in the right ventricular outflow tract. However, as
the tricuspid valve is in general far away from right
ventricular muscular bands as well as from the sternum, valved stent fracture is not a major issue in the
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Figure 3. Self expanding valved stent for percutaneous tricuspid valve replacement (Boudjemline et al. réf 36). A. The device consists
in a nitinol self-expandable stent formed of two disks (40-mm diameter) separated by a tubular part (15-mm length, 18-mm diameter) containing a bovine jugular vein valved. to guarantee the sealing of the device. B, C and D. Deployment of the device on bench
testing. The device is loaded into a « homemade » delivery system (B), the right ventricular disk is deployed in the by pulling on the
external sheath while maintaining the dilator in position; this disk is subsequently applied to the tricuspid annulus by pulling on the
external sheath and dilator (C), then the atrial disk is delivered similarly, making the two disks sandwiching the tricuspid annulus (D).
E. Macroscopic view of the valved stent from the right ventricular side. * bovine jugular vein segment sutured into the tubular part
of the device; avoid paravalvular leakage, a polytetrafluoroethylene membrane is sutured outside the ventricular disk (black arrow).

tricuspid position. However it is important to remember that widest excursion of annular plane occurs
at the tricuspid location. The structural framework
present in most of the tricuspid bioprosthetic valves
may offer protection from compressive and rotational
forces and thus from stent fractures.
If the tricuspid valve failure leads exclusively to
regurgitation, then the dimensions of the valve (especially the inner diameter) must be precisely known
and evaluated by the operator during the procedure
using a balloon sizing. Others and we have reported
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specific techniques to make these patients amenable
to transcatheter valve insertion. Briefly, presenting is
required in that situation. The first step is to create
a restrictive landing zone to allow for a safe deployment of a Melody valve. The platform is created using
the property of 2 different stents used simultaneously
with one fitted within the second one: 1.) A bare metal stent with limited expansion (typically short EV3
LD mega) allows a restrictive region for subsequent
valve insertion; 2.) A covered stent without limited expansion (typically long covered CP stent) allows an-
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Video 5.

Echographic Video showing regurgitation of the
implanted bioprosthetic surgical valve (Zegdi et al, JACC.
2006;48:1365-8).

choring to the large surgically inserted bioprosthesis
(Figure 2). Type and diameter of balloons used to deliver the stents largely depends on the inner diameter of the surgical valve. Following the creation of the
landing zone, transcatheter valves insertion could be
performed using conventional technique. Using this
technique, we treated patients with regurgitant surgical valve up to 33-mm in diameter. In our experience,
the creation of free tricuspid regurgitation following
prestenting is well tolerated and no rush is needed to
implant the valve.
Excluding the transatrial hybrid procedures with
direct right atrial puncture [27], completely percutaneous tricuspid valve-in-valve implantations were
performed using either a femoral or an internal jugular venous approach.
In cases where the tricuspid valve prosthesis is directed toward the superior vena cava, the transjugular approach should be preferred to obtain a better
angle when positioning the valve, especially with the
Edwards SAPIEN valve that is a larger and more rigid
device. Nevertheless, despite these considerations, the
decision about the approach has to be taken separately for each patient regarding patient’s valve anatomy.
Rapid pacing is generally performed during Edwards SAPIEN implantation to allow accurate positioning of this relatively short valve. It is usually not
Jalal, Z. et al.

Video 6.

Angiogram showing the implantation of the retrievable valve stent. The stent is slowly opened inside the bioprosthesis than closed and repositioned and finally released and left
in position. (Zegdi et al, JACC. 2006;48:1365-8).

required with the longer Melody valve. In our experience, rapid pacing is not necessary and femoral veins
provide excellent access to the tricuspid. During positioning on the valved stent, the assembly can easily
be aligned (horizontalized) to the tricuspid annulus
by maintaining forward pressure on the stiff wire thus
mimicking jugular pathway.
The Edwards SAPIEN® valve has the advantage of
being available in larger sizes with relatively shorter
stent lengths (the 26-mm valve measures 16-mm in
length) when compared with the MELODY® Valve (the
stent measures 23 mm in length when dilated to 22
mm). Moreover, its shorter stent may not protrude
significantly into the adjacent cardiac chambers. On
the other hand, correct positioning of this shorter
valve may be more difficult, although rapid pacing
may be used to allow safer implantation, and manipulation of the Melody delivery system is easier in
complex anatomies with important angulation of the
tricuspid annulus in relation to the superior vena cava
and inferior vena cava.
Despite experience is accumulating worldwide
with these two devices, there is currently lack of data
to conclude that one of the devices is superior to the
other in this off-label use.
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Figure 4. Transcatheter bicaval valve implantation. A. Fluoroscopy - Right atrial angiography: The inferior vena cava (IVC) valve is

designed with the upper segment protruding into the right atrium (RA), the superior vena cava (SVC) device is funnel shaped to
facilitate anchoring at the cavoatrial junction. Contrast is retained at the level of the valved stents. RA: right atrium; SVC: superior
vena cava; IVC: inferior vena cava. B. Transoesophageal echocardiography: long-axis view of the IVC device after deployment. C. Post
mortem specimen macroscopic view: the valved stents are securely anchored with the stent struts covered by fibrous tissue, fixing
the devices.

Valve-in-Ring Therapy
Based on the principle of valve in valve, a completely rigid annuloplasty ring may also offer adequate anchoring support and landing zone. The first
experiments were performed for the mitral valve. In
an animal study, Kempfert et al. [28] showed that an
off-pump transatrial transcatheter valve in ring implantation using 23-mm Edwards Sapien® valve in a
26-mm Physio® mitral ring was feasible with good
heamodynamic results. One main concern was the
oval shape of the Physio® ring versus the circular
Journal of Structural Heart Disease, August 2015

shape of the Sapien® valve. However, in bench testing, authors demonstrated the adaptability of the
Physio® ring into a circular form at balloon insufflations. Subsequently, several papers reported mitral
valve-in-ring implantation through a left ventricular
trans apical approach in compassionate-use procedures for patients with high surgical risk [29, 30]. Indeed, the first in man implantation of a transcatheter
valve in a mitral annuloplasty ring was performed in
a 72-year-old man with ischemic heart failure (ejection fraction 35%) and severe mitral regurgitation. A
26-mm Sapien-Edwards aortic valve was successfully
Volume 1, Issue 3: 137-151
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implanted during rapid right ventricular pacing within the 28-mm Physio® mitral annuloplasty ring with
equal proportions within the left ventricle and the
left atrium, using fluoroscopy and transesophageal
echocardiography guidance.
The first transcatheter tricuspid valve-in-ring implantation was described by Mazzitelli et al. [31]. They
reported the case a of a combined off-pump ante
grade trans-atrial implantation of a 26-mm Sapien®
valve within mitral and tricuspid annuloplasty rings
(Physio® 28-mm and 26-mm respectively) through an
anterolateral minithoracotomy in a 61-year-old woman. The direct trans-atrial approach was considered to
be ideal to treat both valves at the same time. The patient was extubated after 24 hours and discharged on
the ninth postoperative day with satisfactory valvular
function (minor paravalvular tricuspid regurgitation).
Shuto et al. [32, 33] described the first completely
percutaneous valve-in-ring implantation using the
Melody® device in a mitral ring. Via standard vascular
access and transseptal techniques, they successfully
deployed the Melody® valve into the mitral position
from the venous circulation in five sheep, without
complication. Although there was a conformational
change noted in the implanted Melody® valves from
“round” to “oval”, there was no perivalvular leakage
and only trivial to mild central regurgitation was observed. These results were confirmed in another animal study using 4 distinct types of annuloplasty ring.
The complete percutaneous approach was recently used to perform a tricuspid VIR implantation in a
64-year-old female who underwent placement of a
mitral valve homograft with a #34 Physio® ring (Edwards Lifesciences, Irvine CA, USA) in the tricuspid
position in whom echocardiography revealed severe
tricuspid stenosis with a mean gradient of 16 mm Hg
with mild tricuspid regurgitation [34]. A transcatheter 26 mm Edwards SAPIEN® valve was placed in the
tricuspid position through a femoral vein approach,
resulting in near normalisation of tricuspid valve gradient. Prosthesis size was estimated by computed tomography, intracardiac echocardiography, and finally
by balloon sizing during the procedure. Furthermore,
a pre-stenting technique was used to ensure appropriate coverage of the valvular orifice and make valve
positioning easier although the presence of a complete rigid Physio® ring may theoretically facilitate
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prosthesis apposition, and reduce the risk of device
embolization or paravalvular leak. A similar case was
recently reported using the same approach and the
same transcatheter 26 mm Edwards SAPIEN® prosthesis [35].
For transcatheter VIR implantations, the dimensions of the tricuspid valve annulus are better
approximated by the commercially available SAPIEN® valves (up to 26 mm in diameter) than the Melody valves (maximum expandable diameter 22 mm).
However, because of the conception of the Edwards
valve (made of manufactured three equal pericardial
leaflets), the device should be open as close as possible to its nominal diameter and as round as possible
to allow enough flow and closing volume and thus
avoid functional stenosis or leak. Melody valve is
more versatile and can be open to various diameters
and configuration without impinging the valvar function. However expansion of Melody valves to diameters larger or equal to 25-mm has been associated in
with valvular incompetence and device embolization
when implanted in mitral rings [33]. Nevertheless, the
valve-in-ring approach for atrioventricular valves may
extend the functional life of the surgical substrates in
a manner analogous to Melody® and Sapien® valve
treatment for dysfunctional surgical conduits in the
pulmonary position.
Percutaneous Treatment of Native Tricuspid Valves
In native tricuspid valves, implanting a trancatheter prosthesis remains challenging because of the
absence of a stiff region to anchor the valve, and the
lack of fluoroscopic markers and the difficulties to
precisely assess annulus measurements (due to the
absence of tricuspid surgical markers such as ring
or bioprosthesis). However, strategies have been developed to perform not only percutaneous tricuspid
valve replacement whether in orthotopic or heterotopic position, but also a conservative transcatheter
tricuspid valvuloplasty.
Transcatheter Orthotopic TV Replacement
In 2005, Boudjemline et al. [36] designed a new
device intended to be implanted percutaneously in
native tricuspid valves and published the first study
Transcatheter Tricuspid Valve Therapies
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Video 7. Echographic Video after transcatheter valve implant
showing correction of the regurgitation of the implanted bioprosthetic surgical valve (Zegdi et al, JACC. 2006;48:1365-8).

Video 8.

with percutaneous tricuspid valve implantation in
8 healthy ewes. This prosthesis consisted in a nitinol self-expandable stent formed of two disks (40mm diameter) separated by a tubular part (15-mm
length, 18-mm diameter) containing a bovine jugular vein valved segment. A polytetrafluoroethylene
membrane was sutured outside of the ventricular
disk to guarantee the sealing of the device. The diameter of the two disks was chosen to be slightly
larger than the diameter of the tricuspid annulus
to allow for anchoring (Figure 3 and Videos 8 to 11).
Mechanical fixation was ensured by trapping the
annulus between the two disks. In one animal, the
device was trapped in tricuspid chordae, leading to
its incomplete opening. A significant paravalvular
leak was observed in one animal, due to a torn the
PTFE membrane beside a weld fracture.
Other authors described a similar valved stent; a
porcine pericardial valve mounted on a double-edge
nitinol stent with satisfactory results in a chronic
sheep model despite 2 device embolization upon 10
procedures [37].
Moreover, Iino et al. describe another device, a bovine pericardial valve mounted on a self-expandable
nitinol stent with a super-absorbent polymer placed

beneath the right atrial element for minimizing
paravalvular leak. This device was successfully
implanted in pigs through a mini-thoracotomy using
trans-ventricular approach with a reduction of paravalvular leakage [38].
Although these papers opened perspectives into
transcatheter orthotopic native tricuspid valve replacement, no further experimental developments or human implantation were published with these devices.
Recently, Kefer et al. [39] published the first human transcatheter implantation in a “native” tricuspid
valve using a 26-mm Sapien® valve after failed multiple surgical repairs in a 47–year-old female. Tricuspid
annulus size was assessed by magnetic resonance
imaging, three-dimensional transesophageal echocardiography and especially low-pressure balloon sizing during the procedure. Prestenting was achieved
by covered stent to create a rigid landing zone and
to avoid paravalvular leak. As it is the case for VIR
implantations, the dimensions of the tricuspid valve
annulus were better approximated by the SAPIEN®
valves than the Melody valves (maximum expandable
diameter 22 mm). However, after first valve implantation, severe paravalvular regurgitation was observed,
related to a more apical position of the Sapien® valve.

Journal of Structural Heart Disease, August 2015

Video showing the delivery of a valved stent in tricuspid native valve. The delivery system is advanced over a wire
in the right ventricle. The RV disk is slowly opened in the apex
of the RV and pullback in the tricuspid annulus. The device is
then completely opened and delivered (Boudjemline, JACC.
2005;46:360-5).
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Video 9.

Angiogram after release showing the competence
of the newly implanted tricuspid valve. (Boudjemline, JACC.
2005;46:360-5).

A second Sapien® valve 26 mm was then implanted
just proximal to the first one solving the tricuspid
leak. This is likely due to that Sapien® valve has a covered length of only 10 mm, significantly shorter than
the Melody prosthesis (up to 23 mm).
These issues may be resolved in the future with the
development of specific devices with larger diameters and longer covered lengths, more appropriate
for transcatheter valve implantation in the tricuspid
position.
Heterotopic TV Replacement or Caval Valve
Implantation (CAVI)
Lauten et al. [40, 41] evaluated in an animal study
a percutaneous approach to treat native TV failure
using heterotopic valve implantation in the central
venous position. Using a right internal jugular vein
approach authors implanted two self-expanding nitinol stents containing a porcine pulmonary valve
in the superior and inferior caval veins of 13 sheep
presenting severe tricuspid regurgitation. All but one
valve was correctly deployed as intended (one device
embolization in the right atrium) leading to a significant decrease of central venous pressure and cardiac
output. This interesting concept with lack of intracardiac foreign material preventing venous flow reverJalal, Z. et al.
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Video 10. Echographic Video in long axis view after transcatheter valve implant showing good function of the leaflets. (Boudjemline, JACC. 2005;46:360-5).

sals and possibly hepatic complications fails to keep
the right atrial and ventricular dilatation under check
and may lead to potential deleterious hemodynamic
and rhythmic effects.
Subsequently, the first-in-man application of this
concept was performed as a compassionate treatment in a 79-year-old female patient with severe functional tricuspid regurgitation. Through the femoral
vein, a custom-made self-expanding valved stent was
implanted into the inferior vena cava, anchored at the
cavoatrial junction. After deployment, excellent valve
function was observed without paravalvular leakage
resulting in a marked reduction in caval pressure.
The patient experienced improved physical capacity
and a partial reduction of ascites. The patient died 3
months after the procedure from intracranial haemorrhage (Figure 4). Autopsy confirmed an unchanged
position and excellent function of the valve in the IVC
without evidence of degeneration, thrombus formation, or other causes of dysfunction [42, 43]. The same
team published recently the case of a similar case of
an 83 years-old female who underwent implantation
of 2 custom-made self-expanding valved stents into
the superior and inferior vena cava without complication. The procedure (CAVI) resulted in an immediate and sustained hemodynamic improvement.
Moreover, the patient showed a substantial clinical
Transcatheter Tricuspid Valve Therapies
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Video 11. Echographic Video in transverse axis view after transcatheter valve implant showing the position of the valve stent
in regards with the original tricuspid annulus. (Boudjemline,
JACC. 2005;46:360-5).

improvement of heart failure symptoms, normalization of liver function, and improvement of physical
capacity after 12 months of follow-up [44]. To avoid
right heart failure by increased preload, it seems that
preserved right ventricular function is mandatory for
the success of this procedure. Furthermore, because
these valves are implanted in the low-pressure system, lifelong anticoagulation is required.
Laule et al. [45] reported a case series of three patients who had percutaneous caval valve i mplantation
(CAVI) for severe tricuspid regurgitation (Videos 12
and 13). Procedures were performed using Edwards
Sapien XT (29 mm) valved stent following superior
and inferior vena cava prestenting. No complication
occurred. After 1 month, valve function remained excellent without regurgitation or leakage and all patients improved by at least 1 NYHA class. In patients
with enlarged inferior vena cava, a mini-invasive
surgical caval banding can be performed to allow a
safe valved stent implantation in appropriate landing
zone [46].
Despite encouraging first results, further studies
are warranted to evaluate the benefit of the heterotopic transcatheter tricuspid valve implantation
procedure during long-term follow-up in larger cohorts. Furthermore, as this concept is targeted for
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Video 12. Video showing preparation, implantation and angiogram of two self-expandable valved stents in a CAVI procedure.
(Lauten, Circ Cardiovasc Interv. 2014;7:268-72).

 igh-risk patients in end-stage heart disease, the
h
costs involved for this type of procedure should be
taken into account and carefully weighed against the
clinical benefit.
Transcatheter Tricuspid Valvuloplasty
Percutaneous procedures may be an attractive alternative to surgery for patients who are high-risk surgical candidates. In patients with native failed tricuspid
valve, some of the concepts that have been developed
for the percutaneous treatment of mitral regurgitation
may be adapted to percutaneous repair of the tricuspid valve (percutaneous annuloplasty, edge-to-edge
repair) [47, 48]. The Millipede system (Millipede, LLC,
Ann Arbor, Michigan, USA) consists in placing a new
tricuspid annular ring with a unique attachment system through a minimally invasive approach - surgical
or percutaneous. This repositionable and retrievable
device may restore the native tricuspid annular shape
and diameter and thus treat functional tricuspid regurgitation. It is currently under preclinical development.
Furthermore, the use of the Mitralign Percutaneous
Annuloplasty System (Mitralign Inc., Boston, Massachusetts, USA) or the QuantumCor System (QuantumCor, Inc., Bothell, Washington, USA) may in a near
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future be extended to tricuspid valve as well.
Challenges
The large diameter, dynamic and highly variable nature of tricuspid annulus with the relatively poor fibro
skeletal support is an important limitation [49, 50]. With
limited annular contractile property in contrast to the
mitral annulus, it is important to assess load independent indices of right ventricular contractility especially
of the sub-annular fibers. The minimum required RV
contractility to ensure a good closing volume, the minimum required cardiac output and possibly RA contractility to ensure adequate opening of the valve without
clogging and maintain long-term durability is yet to
be defined. The need for a low profile self-expanding
valve that may reach an outer diameter of 70 mm as
known in patients with clinically significant and functional tricuspid regurgitation is another challenge. An
ideal length of the covered stent is also important to
prevent inadvertent encroachment of the tricuspid
valve apparatus and its neighborhood including right
ventricular outflow tract. Other challenges include creating a stable landing zone in native valves, preventing
stent fracture and paravalvular leaks.
The exponential increase in right and left sided valvular interventions may possibly unfold the natural and
unnatural history of primary and secondary tricuspid
annular dilation and help our understanding for the
creation of a stable, self expanding percutaneous valve
with minimal paravalvar leak. Demonstrating a safe and
economically viable strategy with good long-term outcomes may also be required as the devices evolve.
Conclusion

Video 13. 3D CT performed in a patient following a CAVI procedure. (Lauten, Circ Cardiovasc Interv. 2014;7:268-72).

management of valvular disease with the introduction of newer, safer and low profile percutaneous
valves. While the indications for percutaneous valve
implantations at the aortic and pulmonary position
are expanding, there has been very limited growth
on the front of percutaneous treatment of tricuspid
valve diseases. In selected patients with high surgical risk, initial results of percutaneous tricuspid valve
treatment is encouraging for various valvular substrates such as native valves, annuloplasty rings and
bioprosthesis. Evolving strategies with newer percutaneous valves for eligible patients with tricuspid
valve failure is likely to improve outcomes if done in
a timely manner before the onset of irreversible right
ventricular pump failure and may even reduce the
need for a right ventricular assist device.
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